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Abstract
In this paper we study the presence of generalized blind spots, i.e. regions of the parameter space
where the spin-independent cross section for dark matter direct detection is suppressed, in the
context of a generic 2HDM and a minimal fermionic Higgs-portal dark sector. To this end, we derive
analytical expressions for the couplings of the dark matter to the light and heavy Higgses, and thus
for the blind spot solutions. Unlike the case of a standard Higgs sector, blind spots can occur even
without a cancellation between different contributions, while keeping unsuppressed and efficient the
annihilation processes in the early Universe involving Higgs states. As a consequence, the allowed
parameter space is dramatically enhanced.
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1 Introduction
Models featuring stable weakly interacting massive particles (WIMPs) are still among the most
popular explanations for dark matter (DM) [1]. However, the most appealing scenarios of this
kind are under strong pressure, especially from direct detection (DD) experiments. More precisely,
if the required annihilation of WIMP particles in the early Universe occurs through interactions
with either the Z or Higgs bosons (the so-called Z− and Higgs-portals), which somehow represent
the minimal DM-SM interactions, a large portion of the parameter space of the simplest models is
already excluded (see e.g. refs. [2–9]). On the other hand, WIMP scenarios are still very attractive,
not only for their simplicity, but also because they naturally arise in well-motivated beyond-the-SM
(BSM) physics models. Popular way-outs to this experimental pressure occur when the annihilation
in the early Universe is enhanced, as it happens when it takes place in a resonant form (“funnels”)
or through co-annihilation. These corners of the parameter space have attracted much attention,
since they allow to save many interesting models of new physics.
There is another kind of regions of the parameter space where these economical WIMP scenarios
can survive, namely when the DD elastic cross section is suppressed by some kind of cancellation.
These are the so-called blind spots, which from the point of view of DM phenomenology offer a
case of similar interest to the above mentioned funnel and co-annihilation regions. Blind spots have
been examined in the context of specific supersymmetric models [10–13], and in simplified (scalar
or fermion) singlet-doublet DM models, i.e. when the dark sector contains a singlet and a doublet
which can mix up [14–17]. The latter case is specially interesting, as it represents the relevant DM
sector of many scenarios, such as generalized supersymmetric models and extra-dimensions.
On the other hand, a usual feature of many BSM frameworks is the presence of an extended
Higgs sector, typically containing two (or more) Higgs doublets. Actually, two-Higgs-doublet models
(2HDM) have received much attention on their own for assorted physical reasons, see e.g. ref. [18,19].
Thus, it is natural to wonder how the appearance of blind spots changes when the Higgs sector is a
2HDM. The primary purpose of this paper is precisely to study this kind of scenario, deriving ana-
lytical expressions for the corresponding effective interactions of the WIMPs with ordinary matter,
and thus for the blind-spot solutions. This will allow us to understand the general anatomy of the
blind-spot regions for the different types of 2HDMs. As we will see, the presence of the second Higgs
enhances the size of the blind spots not only because there are new ways to obtain a cancellation of
the spin-independent DD cross section (as already noticed in refs. [11, 15, 17]). Even without can-
cellations, the DD cross section can be small while keeping efficient the DM annihilation processes
in the early Universe involving Higgs states. This leads to a dramatic enhancement of the viable
regions of the parameter space.
The rest of the paper is summarized as follow. In section 2 we introduce the model. In section 3
we provide analytical expressions for the different DM couplings, and thus for the generalized blind-
spot condition. Section 4 is devoted to the appearance of the blind-spot regions in the alignment
limit. Finally, our conclusions are presented in section 5.
2 The model
As mentioned in the introduction, we will focus on a model with two Higgs doublets, Φ1, Φ2, with
hypercharges Y = 1/2 (our notation here follows that of ref. [20]). The dark sector consists of two
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fermionic SU(2) doublets D1, D2 (∼ “Higgsinos”), with hypercharges +1/2, −1/2 respectively, and
a fermionic singlet S (∼ “Singlino”) with zero hypercharge. The D1, D2 states can be combined in a
Dirac fermion, if desired. The notation here follows that of ref. [16], in order to facilitate comparisons.
Note that this Dirac fermion represents the minimal UV completion of a fermion-singlet Higgs-portal
scenario for DM.
The relevant terms of the most general Lagrangian for the dark sector are:
− L ⊃ 1
2
MSSS +MDD1D2 + y
1
1SD1Φ¯1 + y
1
2SD2Φ1 + y
2
1SD1Φ¯2 + y
2
2SD2Φ2 + h.c. , (1)
where Φ¯1,2 = iσ2Φ
∗
1,2 and MD,MS (y
j
i ) are mass (Yukawa-coupling) parameters. The Higgs doublets
acquire vacuum expectation values (VEVs) according to the structure of the 2HDM Higgs potential,
which we do not write here explicitly (for further details see ref. [20]). Then, the CP-even neutral
part of the Higgses reads
Φ1,2 =
1√
2
(
0
v1,2 + h
0
1,2
)
, Φ¯1,2 =
1√
2
(
v1,2 + h
0
1,2
0
)
, (2)
where v21 + v
2
2 = v
2 = (246 GeV)2. As usual, we define the tanβ parameter so that
v1 = v cosβ, v2 = v sinβ. (3)
With these definitions, the relevant Lagrangian for the neutral states reads
−L ⊃ 1
2
MSSS −MDD01D02 −
1√
2
y11SD
0
1(v1 + h
0
1) +
1√
2
y12SD
0
2(v1 + h
0
1)
− 1√
2
y21SD
0
1(v2 + h
0
2) +
1√
2
y22SD
0
2(v2 + h
0
2) + h.c. (4)
Although in principle all the masses and couplings in the Lagrangian are complex, there are only
three independent phases, namely those of M∗SM
∗
Dy
1
1y
1
2, y
1
1(y
2
1)
∗, y12(y22)∗, which we will assume to
be real to avoid CP violations. This allows to take the six parameters of the Lagrangian as real
quantities and to fix the sign of three of them. We will make use of this freedom later.
Of course, the fields appearing in the previous expression do not correspond to the mass eigen-
states. For the Higgs sector the latter are h0, H0, i.e. the light (standard) and the heavy Higgses,
respectively, which are related to the original h01, h
0
2 fields by a basis rotation(
h0
H0
)
=
(
cosα − sinα
sinα cosα
)(
h02
h01
)
. (5)
The masses of the two physical Higgses (mh0 = 125 GeV, mH0) are determined by the structure
of the Higgs potential. This is also true for the α angle, which, in principle, is independent of β;
although in the decoupling limit (mH0 →∞) they are related by α = β − pi/2.
Concerning the (neutral) fermionic sector, the “neutralino” mass eigenstates, χ01,2,3 arise upon
diagonalization of the mass matrix MN , defined as
− Lmass = 1
2
(S,D01, D
0
2) MN
 SD01
D02
 + h.c. , (6)
2
where, from Eq. (4),
MN =
 MS −
1√
2
(
y11v1 + y
2
1v2
)
1√
2
(
y12v1 + y
2
2v2
)
− 1√
2
(
y11v1 + y
2
1v2
)
0 −MD
1√
2
(
y12v1 + y
2
2v2
) −MD 0
 . (7)
Taking appropriate limits on the various parameters, we can recover simpler scenarios. In partic-
ular the relevant dark sector is a pure “Singlino” (“Higgsino”) for MD →∞ (MS →∞). Similarly,
the scenario of just one (SM) Higgs is recovered for mH0 →∞, α = pi/2− β, as mentioned above.
3 Analytical expressions for DM couplings and blind spots
We are interested in the effective couplings, yhχiχi , yHχiχi of the fermion mass eigenstates, χ
0
i (in
particular χ01, which is the DM particle) to the physical Higgs states, h
0, H0, i.e.
− L ⊃ yhχiχih0χ0iχ0i + yHχiχiH0χ0iχ0i . (8)
Using Eq. (5), these can be written in terms of the analogous couplings in the initial basis, namely
yhχiχi = −sα yh1χiχi + cα yh2χiχi , (9)
yHχiχi = cα yh1χiχi + sα yh2χiχi , (10)
where we have used the shorthand sφ = sinφ, cφ = cosφ. Now, from Eqs. (4, 7), the yh1,2χiχi
couplings can be written as
yhaχiχi = ±
1
2
∂mχ0i
∂va
, a = 1, 2 , (11)
where the ± sign corresponds to the case where the mχi eigenvalue of the mass matrix is positive
or negative. On the other hand, an analytical expression for ∂mχ0i
/∂va, and thus for yhaχiχi , can be
obtained from the eigenvalue equation,
∂
∂va
∣∣∣MN −mχ0i I∣∣∣ = 0. (12)
More precisely,
yhaχiχi = −
1
2
Na
D ; a = 1, 2 , (13)
with
Na = ±MD
[
ya1
(
y12v1 + y
2
2v2
)
+ ya2
(
y11v1 + y
2
1v2
)]
+ |mχ0i |
[
ya1
(
y11v1 + y
2
1v2
)
+ ya2
(
y12v1 + y
2
2v2
)]
, (14)
and
D = ±2|mχ0i |MS − 3m
2
χ0i
+
1
2
[(
y11v1 + y
2
1v2
)2
+
(
y12v1 + y
2
2v2
)2]
+M2D . (15)
Plugging Eq. (13) into Eqs. (9, 10), we obtain analytical expressions for the couplings of h0 and H0
to the mass eigenstates:
yhχiχi = −
1
2D
{±MD [y1 (y12v1 + y22v2)+ y2 (y11v1 + y21v2)]
+|mχ0i |
[
y1
(
y11v1 + y
2
1v2
)
+ y2
(
y12v1 + y
2
2v2
)]}
, (16)
3
yHχiχi = −
1
2D
{±MD [y˜1 (y12v1 + y22v2)+ y˜2 (y11v1 + y21v2)]
+|mχ0i |
[
y˜1
(
y11v1 + y
2
1v2
)
+ y˜2
(
y12v1 + y
2
2v2
)]}
, (17)
where we have defined
y1 = −y11sα + y21cα, y2 = −y12sα + y22cα,
y˜1 = y
1
1cα + y
2
1sα, y˜2 = y
1
2cα + y
2
2sα. (18)
Note that yH0χiχi can be obtained from yh0χiχi by simply replacing y1,2 → y˜1,2. The reason is simply
that y1,2, y˜1,2 are the couplings of h
0, H0 to the initial D1,2 doublets. Namely, from Eqs. (4, 5),
−L ⊃ − 1√
2
y1SD
0
1h
0 +
1√
2
y2SD
0
2h
0 − 1√
2
y˜1SD
0
1H
0 +
1√
2
y˜2SD
0
2H
0 + h.c. , (19)
with y1,2, y˜1,2 given by Eq. (18).
From expressions (16-18), it is straightforward to obtain the blind spots, i.e. the region of
parameters where the spin-independent DD cross section is suppressed. Generically, the amplitude
for the DM-nucleon scattering, χ01N → χ01N , mediated by a Higgs (h0 or H0 in t−channel) is
proportional to the effective coupling, yeffDD/m
2
h, with
yeffDD ≡
∑
q
[
yhχ1χ1 +
m2h
m2H
Cq yHχ1χ1
]
fNq . (20)
Here q runs over the quarks in the nucleon, N ; fNq (with N = p, n) are the hadronic matrix elements,
determined either experimentally or by lattice QCD simulations and related to the mass fraction of
q within the nucleon; and Cq is a numerical factor that gives the departure of the coupling of the
quark q to the heavy Higgs, H0, from that of the SM Higgs, h0. The Cq factors depend on the type
of the 2HDM considered (more details in the next section). Whenever yeffDD ' 0, we are in a blind
spot region of the parameter space.
4 Blind spots in the alignment limit
Experimental constraints indicate that the 125 GeV Higgs of a 2HDM cannot be very different from
the SM Higgs [21–26]. We adopt the conservative approach that the light Higgs is 100% SM-like (a
situation which is usually called “alignment”), which effectively means that the heavy Higgs does
not obtain a VEV, i.e. it is inert. The analysis of this model when the heavy Higgs is allowed to have
a VEV consistent with the present experimental data will be postponed for a forthcoming paper.
Consequently, from now on we will concentrate on the alignment limit to illustrate the structure of
the blind spots.
The exact alignment limit (with the light Higgs, h0, playing the role of the SM Higgs boson)
occurs for cβ−α = 0, i.e. α = β − pi/2. Then, we can recast expressions (16, 17) as
yhχiχi = −
1
2Dy
2v (±MD sin 2θ + |mχ0i |) , (21)
yHχiχi = −
1
2Dyy˜v (±MD sin(θ + θ˜) + |mχ0i | cos(θ − θ˜)) , (22)
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with
y2 = (y1)
2 + (y2)
2, cθ =
y1
y
, sθ =
y2
y
,
y˜2 = (y˜1)
2 + (y˜2)
2, cθ˜ =
y˜1
y˜
, sθ˜ =
y˜2
y˜
. (23)
The expression for D, Eq. (15), is also simplified
D = ±2|mχ0i |MS − 3m
2
χ0i
+
1
2
y2v2 +M2D . (24)
Note that yhχiχi ∝ y2, while yHχiχi ∝ yy˜. This occurs because in the alignment limit the Higgs
VEV comes entirely from the doublet associated with the light Higgs, h0, which thus appears always
in the v+h0 combination. Then, due to SU(2) invariance both effective couplings involve a v−factor
and thereby a y−Yukawa, see Eq. (19). For the same reason, it is easy to show that in this limit the
expression (21) for yhχiχi can be obtained from
yhχiχi = ±
1
2
∂mχ0i
∂v
. (25)
In the following, we make use of the freedom to fix the sign of three parameters to take MS , y1 and
y2 as positive, while the signs of MD, y˜1, y˜2 can be positive or negative. Consequently, θ ∈ [0, pi/2],
θ˜ ∈ [0, 2pi]. This convention allows to scan the whole parameter space in a complete and non-
redundant way; and it converges to the sign convention used in ref. [16] for the case of a single
Higgs.
4.1 Alignment from decoupling
A somewhat trivial way to obtain alignment is through decoupling, i.e. when mH0  mh0 (for
details see ref. [20]). Then, the contribution of the heavy Higgs to the DD cross section becomes
negligible and the effective coupling yeffDD of Eq. (20) reads
yeffDD ∝ yhχ1χ1 ∝ ±MD sin 2θ + |mχ01 |, (26)
which agrees with the expression obtained in ref. [16] for just one Higgs, as expected. Note that in
this limit a blind spot is only possible when MD < 0. The reason is the following. From Eq. (25),
the blind spot condition, yhχ1χ1 = 0, implies that mχ01 does not depend on v, and thus must be
equal to one of the mass eigenvalues of the mass matrix, Eq. (7), when v = 0, i.e. MS , MD or −MD.
However, since ±MD sin 2θ + |mχ01 | = 0, this can only be achieved (barring the sin 2θ = 1 case) if
mχ01 = MS (and thus positive) and MD < 0. Note also that in the decoupling limit the existence of
a blind spot requires MS ≤ |MD|, barring the aforementioned case.
All this is illustrated in the scan of Fig. 1 which shows the physically viable region in the mχ01−mD
plane where Ωχ01 ≤ ΩobsDM, fulfilling DD bounds from XENON1T [27,28] and PICO-60 [29]. The two
narrow and dense strips at mχ01 = ±MD correspond to models where χ01 is either almost a pure
doublet, i.e. a combination of the D01, D
0
2 fields; or a well-tempered mixture of S and D
0
1, D
0
2 [30].
Comparison of the upper branch (where there is no blind spot and the dark matter is in a well-
tempered regime) with the lower one shows the noticeable effect of the blind spot. The Z− and
h−funnel regions are also visible in the plot.
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Figure 1: Regions of the parameter space allowing Ωχ01h
2 ≤ ΩobsDMh2 in the decoupling limit (equiv-
alent to a SM Higgs sector). All the plotted points fulfill the bounds from XENON1T [27, 28] and
PICO-60 [29]. Moreover the condition |MD| > 100 GeV has been required to satisfy the LEP lim-
its [31] on charged fermions, in this case the charged components of the D−fields. The color code
indicates the relative density of points.
The results for Ωχ01 = Ω
obs
DM are very similar, except for the upper strip. The reason is that when
χ01 is a pure doublet, the annihilation is “too efficient” except around 1 TeV, which is the only piece
of the upper strips that survives. On the other hand, in the well-tempered regime it is possible to
obtain the correct relic density with MS ∼ |MD| ∼ mχ01 , but at the price of raising the y−couplings
in a way that DD excludes the model when MD > 0. In contrast, when MD < 0 the y−couplings
can be arranged according to the blind spot relation, Eq. (26) ' 0, thus evading DD bounds. Hence
the lower strip survives in this regime, albeit not as a particularly dense region. Consequently, apart
from the funnels and a narrow region at |MD| ' 1 TeV, all the regions rescued for Ωχ01 = ΩobsDM
correspond to the blind spot condition.
To perform the previous scan and those of the next subsection, we have implemented the model
in FeynRules [32,33], interfaced with CalcHEP [34]. More specifically, we have extended the publicly
available 2HDM model files [35], considering only tree level interactions, with a singlet fermion and
two doublet fermions as described in section 2. Then, the relic abundance and the elastic scattering
cross sections have been calculated with microOMEGAS [36]. The scan has been performed in the
following ranges of the relevant parameters:
MS ∈ [10, 2000] GeV, MD ∈ [−2000, 2000] GeV, y1, y2 ∈ [0, 1], (27)
with a log prior on MS and flat priors on the remaining parameters, using MultiNest for an efficient
exploration of the parameter space [37–39]. To that end, we have constructed a joint likelihood
function, as follows
logLJoint = logLΩDMh2 + logLXenon1T , (28)
where LΩDMh2 is implemented as an upper bound with a smeared step-function [40], centered at the
observed value [41]. LXenon1T is calculated using RAPIDD [42], a surrogate model for fast computa-
tion of the expected DM spectrum in direct detection experiments, tuned to the latest XENON1T
results [27, 28]. Here and throughout the paper the DD cross section has been weighted by the
6
ξ = min[1,Ωχ01/Ω
obs
DM] factor, which appropriately scales the cross section for under-abundant dark
matter.
It is apparent from Fig. 1 that, apart from the funnels, the absolute value of MD cannot be very
different from MS , even in the blind spot region. The reason is the following. Since in the decoupling
limit the blind spot condition is equivalent to yhχ1χ1 = 0, the coupling of the DM particle, χ
0
1 to
the SM Higgs vanishes for both cross sections DM-nucleon elastic scattering and DM annihilation in
the early Universe. In particular, the processes χ01χ
0
1 → h0 → SM SM, χ01χ01 → h0 h0 vanish at first
order. Consequently, in the blind spot the required annihilation occurs thanks to the D−component
of χ01 and the corresponding weak interaction, as in the well-tempered regime. Since this component
is inversely proportional to the difference of masses, if |MD| is much larger than MS , the effective
weak coupling of χ01 becomes too small to provide the required amount of DM annihilation. The
results of this subsection are consistent with those obtained in ref. [16].
4.2 Alignment without decoupling. Blind spots without cancellations
A more interesting case arises when the alignment is achieved without decoupling [20, 43]. This
occurs whenever the coupling in the Higgs-potential denoted by Z6 in ref. [20] is vanishing or very
small. Then, still α = β−pi/2, and mH0 can be quite low without conflicting with any experimental
constraints. The precise lower bound depends on the type of 2HDM under consideration [20].
In the Type I 2HDM, defined by the fact that one of the initial doublets, say Φ2, is the only one
that couples to all fermions, the bounds are very mild. Actually, mH0 can be close to mh0 = 125
GeV without conflicting with experiments. In the Type II 2HDM, in which Φ1 couples to down-like
quarks and charged leptons, and Φ2 to up-like quarks, just as in supersymmetry, the bounds are
more restrictive. This is mainly due to the limits from H0 → τ+τ−, since in the Type II the coupling
of H0 to charged leptons is enhanced by tanβ (see below). Generically, taking mH0 ≥ 400 GeV is
safe, although it can be much lower (even below 200 GeV) if mA ≥ 400 GeV [20].
For DD matters, the most important difference between the Type I and Type II 2HDMs concerns
the couplings to quarks, which are given in Table 1 [20]
Type I Type II
Higgs u−quarks d−quarks and leptons u−quarks d−quarks and leptons
h0 cosα/ sinβ cosα/ sinβ cosα/ sinβ − sinα/ cosβ
H0 sinα/ sinβ sinα/ sinβ sinα/ sinβ cosα/ cosβ
Table 1: Factors for couplings of Higgs states to SM fermions in the Type I and Type II 2HDMs
relative to those of the SM.
In the alignment limit, α = β−pi/2 and we recover the SM couplings for the conventional Higgs,
h0. However, the couplings of the heavy Higgs, H0, to u− and d−quarks acquire the following
factors
Cu = − cotβ, Cd = − cotβ (Type I),
Cu = − cotβ, Cd = tanβ (Type II). (29)
These are the Cq coefficients to plug in expression (20) for the blind spot condition. An important
point is that, with two Higgs states in play, yeffDD can vanish not because the couplings of the DM
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particle to the Higgses vanish (unique possibility when there was just one Higgs), but because
their contributions cancel in Eq. (20). Consequently the blind spot condition can be accomplished
and, simultaneously, DM particles can efficiently annihilate in the early Universe thanks to sizeable
interactions with both Higgses. This opens enormously the available parameter space; in particular
it is not necessary anymore that |MD| is close to MS , as happened for the case of a unique Higgs
(barring funnels and the “pure Higgsino” region).
Actually, yeffDD can be small not due to a cancellation between the various terms in Eq. (20), but
simply because all of them are small (i.e. with no need of tuning), and still the annihilation of DM
involving Higgses can be efficient enough. To see this, note first that the H0 contribution to the
DD cross section, given by the second term of Eq. (20), can be small not because the y˜−couplings
are small but because the prefactor
m2h
m2H
Cq is. This is the typical case for the Type I 2HDM,
since Cq = − cotβ and tanβ >∼ 1 to avoid a non-perturbative top Yukawa coupling. Then, if the
y˜−couplings are sizeable, the processes χ01χ01 → H0 → SM SM, χ01χ01 → H0 H0, χ01χ01 → Z H0 and
others can be efficient enough to provide the required DM annihilation. More generically, even if
the above prefactor is O(1), the H0 contribution in Eq. (20) can be small because the y−couplings
(not the y˜−couplings) are small, as can be seen from the expression for yHχ1χ1 , Eq. (22). In that
case, processes like χ01χ
0
1 → H0 H0 (proportional to y˜2) can be equally efficient.
The bottom line of the previous paragraph is that, due to the presence of the second Higgs, the
couplings involved in DM annihilation are not necessarily those involved in DD. This only happens
for certain annihilation processes, as χ01χ
0
1 → h0 h0. As a result, large “blind spot” regions that
were unviable in the decoupling (or one-Higgs) limit are now rescued. Actually, they are blind spots
only in the sense that yeffDD is very small, but this does not necessarily imply a cancellation between
contributions.
Type I Type II
mH0( GeV) tanβ mA = mH±( GeV) mH0( GeV) tanβ mA = mH±( GeV)
300 5 600 300 5 600
300 30 600 300 30 600
800 5 800 800 5 800
Table 2: Benchmarks for the Type I and Type II 2HDMs.
We illustrate these facts in Fig. 2 (Type I), Fig. 3 (Type II) and Fig. 4, which are analogous to
Fig. 1, but for the benchmark models defined in Table 2. The only difference in the scan procedure
is that now the y˜1, y˜2 couplings have been also surveyed, similarly to y1, y2, but in the [-1,1] range.
The three figures show the dramatic enhancement of the regions of the parameter space consistent
with the observed relic density and DD experiments, especially for mχ01 above the χ
0
1χ
0
1 → ZH0
threshold.
For all the benchmarks the values of mH0 , mA, mH± have been chosen to be in the safe region
with respect to experimental constraints [20]. It should be recalled here that their values, as well as
that of tanβ, arise from the Higgs scalar potential, which we do not discuss here. For the purpose
of this article they are free parameters. Interestingly, annihilation processes with A, H± in the final
state can also be relevant for the relic density in some regions of the parameter space, even for the
large masses considered here.
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Figure 2: The same as Fig. 1, but for the Type I 2HDM with tanβ = 5 (left panel) and tanβ = 30
(right panel) with mH0 = 300 GeV. The rest of the parameters are specified in Table 2.
The aforementioned points can be clearly appreciated for the Type I 2HDM in Fig. 3. As in the
case of a single Higgs in Fig. 1, the region rescued for Ωχ01 = Ω
obs
DM (not plotted) is very similar to that
of Ωχ01 ≤ ΩobsDM. Once more, the only difference between them are the narrow strips at mχ01 ' ±MD,
which are not especially dense regions for Ωχ01 = Ω
obs
DM, except at the “pure Higgsino” solution,
MD ' ±1 TeV. Aside from the various funnels visible in the plots at mχ01 ' mZ ,mh0 ,mH0 , . . . ,
all the allowed regions correspond to generalized blind spots, where yeffDD, as given by Eq. (20), is
nearly vanishing, though not necessarily by a cancellation between terms. As expected, the blind
spot regions occur now for both positive and negative MD, but interestingly there are still more
solutions in the latter case. This is easily understood taking into account that in the Type I, the
heavy Higgs contribution to yeffDD is suppressed by the prefactor
m2h
m2H
Cq = −m
2
h
m2H
cotβ. Then the light
Higgs contribution, Eq. (21), must be small as well, which can be more easily achieved for MD < 0,
as discussed in the previous subsection. Let us also mention that the allowed regions are very similar
for both tanβ = 5 and tanβ = 30.
The results for the Type II 2HDM, given in Fig. 3, are very similar. The only noticeable difference
is that for tanβ = 30 the allowed region is larger than for the other cases and, furthermore, it is
almost identical for positive and negative MD. The reason is the following. In the Type II, the
prefactor of the heavy Higgs contribution to yeffDD reads
m2h
m2H
Cq =
m2h
m2H
tanβ for the d−quarks. For
tanβ = 30 this actually represents an enhancement, rather than a suppression. Hence, this term
can be cancelled in Eq. (20) with a sizeable light-Higgs contribution, and thus large y−couplings.
In consequence, the processes χ01χ
0
1 → h0 → SM SM, χ01χ01 → h0 h0 can be now efficient for DM
annihilation. This especially happens for mχ01
>∼ 80 GeV, i.e. above the W+W− threshold. Likewise,
since no small yhχiχi coupling is required now, the MD > 0, MD < 0 regions look alike.
The enhancement of the allowed regions holds even for rather large values of the extra Higgs
states, especially above the mentioned H0Z threshold. This is illustrated in Fig. 4 for mH0 = mA =
mH± = 800 GeV and tanβ = 5.
We have seen that the DD cross section can be suppressed in the 2HDM by a variety of mecha-
nisms, not necessarily a cancellation between terms. However, it is still true that, in order to obtain
extremely suppressed DD cross sections some kind of cancellation for yeffDD is required. Consequently,
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Figure 3: The same as Fig. 2 but for the Type II 2HDM.
Figure 4: The same as Fig. 1, but for the Type I 2HDM with tanβ = 5 (left panel) and Type II
tanβ = 5 (right panel) with mH0 = 800 GeV. The rest of the parameters are specified in Table 2.
the density of viable models is higher when the DD cross section is not much smaller than the future
experimental constraints, as illustrated in Fig. 5. This allows to be optimistic about the possibility
that a scenario of the kind depicted in this paper might be detected by the next generation of direct
detection experiments.
Finally, let us mention that there exist two additional 2HDMs, which are flavor changing neutral
current (FCNC) free: the so-called X (or “lepton-specific”) and Y (or “flipped”) models. The
corresponding Cq factors are the same as those of the Type I and Type II, respectively, so the results
presented in Figs. 2, 3 and 4 apply to them as well.
5 Summary and conclusions
Z− and Higgs-portals are the most economical frameworks for WIMP dark matter. They are
however under strong pressure (almost excluded), especially from direct detection experiments. One
exception to this situation occurs when dark matter particles annihilate in a resonant way, i.e. the
10
Figure 5: χ01-proton spin-independent elastic cross section, weighted by the scale factor ξ for the
Type I 2HDM benchmark with tanβ = 5 and mH0 = 300 GeV. The color code indicates the relative
density of points. Upper-bound lines from XENON1T [27] and sensitivity projections from the
future DARWIN experiment [44] are also shown, as well as the neutrino floor for a xenon target [45].
well-known Z−boson and Higgs funnels. Another way-out, equally interesting but not so explored,
occurs when the spin-independent direct detection elastic cross section is suppressed due to some
cancellation. These are the so-called “blind spots” of the parameter space. Both, funnels and blind
spots, require some degree of tuning and, indeed, only rather narrow regions of the parameter space
can be rescued in this way.
In this paper we have focused on the structure of the blind spots when the Higgs sector is not
minimal, as it happens in many BSM scenarios; more precisely, we have assumed a generic 2HDM.
In addition, we have considered a dark sector consisting of a neutral fermion plus a Dirac doublet.
The latter represents the minimal UV completion of a fermion-singlet Higgs-portal scenario for dark
matter. The funnel solutions change indeed little in this new framework, aside from the presence of
additional funnels corresponding to the heavy Higgs and the pseudoscalar resonances. By contrast,
the blind spot solutions change in a qualitative way, as discussed below.
In the first place, we have obtained general analytical expressions for the couplings of the dark
matter to the light and heavy Higgses, which are the relevant ones for direct detection. This allowed
us to write the effective coupling for direct detection, yeffDD, and thus the explicit condition for a
blind spot. In the case of a standard Higgs sector (which we re-visit as the decoupling limit of the
2HDM) the vanishing of yeffDD implies the suppression of annihilation processes in the early Universe
involving the Higgs, χ01χ
0
1 → h0 → SM SM, χ01χ01 → h0 h0. Then, dark matter annihilation can only
occur thanks to a well-tempering mechanism, which implies an additional tuning. In particular,
the masses of the singlet and the doublet must be rather close. In contrast, for a 2HDM, yeffDD can
be small because there is a cancellation between the light and heavy Higgs contributions. Hence,
the annihilation processes are not suppressed anymore, which enhances dramatically the allowed
parameter space.
Actually, there is not even need of a cancellation between contributions. For example, for the
Type I 2HDM the heavy Higgs contribution to yeffDD is suppressed by its large mass, but also by an
extra cotβ factor. This means that the coupling of dark matter to the heavy Higgs can be large,
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making annihilation processes like χ01χ
0
1 → H0 H0, χ01χ01 → Z H0 efficient, and still keeping direct
detection cross sections suppressed.
We have illustrated these facts in the alignment (without decoupling) limit for the possible
FCNC-free 2HDMs, using representative benchmarks. Interestingly, the enhancement of the allowed
parameter space is very important even for large, O(1 TeV), masses of the extra Higgs states.
To summarize, the assumption of an extended Higgs sector has a great potential to rescue
theoretically appealing WIMP scenarios.
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